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through <=he steps of che model 2 commardéer will be 


Teguired =c rely necavily on use of his judgment; by a SO 


Memewet) gain significant insight intc the interdependenciées 
Or the inputs. The MAUM version selected is simple to use¢ 
Smomeeasy =O learn. Its format is also flexible and can be 


fermeced tc all werid-wids Scsnarios. It provides a tine- 
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I. INTRODUCTION 

Airborne brigades are designed to deploy rapidly and 
Seeeeien oly. AS part of this fast moving organization, «he 
air defense commander recommends an air defense force te 
counter the enemy alr threat while neeting the constraints 
eee and aitcraf: spaces. 

The selection and recommendation of the optimal package 
Of air defense equipment is an important function of the 
acmy aiz defense commander. This thesis d¢evelovs a tech- 
Mique to assist the Lattery air detense commander ir quickly 


develcping an effective air défense package. 


BeeeeDEoCRIPTION OF THE SITUATION 


Wee ulneene diviscaicns cf the U.S. Atmy there are s¢ 
ndent battalions that provids nun Ss 
mace SuppDOrt functions (Se¢ Figure 
special-purpose battalion 1s the air defense batx Cc 
aizc defense pattalion has four line batteries and one head- 
Giij\eters batscsery. The tour line batteries have th 
air defense assets necessary +o provide the air defense 
ULZed te support the major commands of th v 
mueomeoe]) S2qure 1.2). The majoz commands of the divisicn 
Geeniaktry DEtgad<es, the divisien supoort 


is 
(eeseOM), ana the division azciliery (DIVARTY). 


command 
Normally, one line battery (A, B, or C) is allocated *o each 
‘ ; 


Meene ehree infantry brigades. The fourth line bat<ery (D) 
ees designaced UnitS within the division. The c*ther 

nd¢nt battalions (Signal, armor, enginears 
Oormally referred to in the division as the "ssparate bat~a- 


n 
ieens', are organized in a similiar fashion. 
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Figure 1.1 Airborne Division. 
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Figure 1.2 


ELECTRONICS | 
MAINTENANCE 


SECTION 









AIR 
DEFENSE 
BATTERY 








VULCAN 
PLATOON 


REDEYE 
SECTION 


LOGISTICS 
SECTION 





Airborne Air Defense Battery. 


COMMUNI CATION 
SECTION 
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fiencemmances Of a line batcery 1s part of the briqade 
commander's special staff when his Line battery is assigned 
Poet hne brigade. The battery ccmmander is responsible tc the 
Beagade Cccmmander for ali air defenses matters within the 


brigads¢ aree. This 'BeoOOn st Daa) Le LUdeSswDrEOVLal? 


Meaenang and conducting educational class¢s for the ctiticers 
pmowenm@o's of the brigade concerning «he air defense unit's 
capabilities, limitations, employment techniques, and 
requirements, as well as assisting the brigade operations 


@meeecer With air defense plans for operations (training or 
actual). 


Me S20 Airborne Division, aS bart 


Mayes tOn {[Ref. 1]. This divisicn constantly o 


€e¢¢s <«c 


© R 

Deployment Ferc2 (RDF), is the Army's most combat ready 
a 
Dp 


Pemtren of ats combat forces in a state of prepare: 
mee= the RDF contingency mission of deployment. This 
Smewared forces, called Division Ready Force (DRF), has ths 
Mesemeen Cr being able to deploy its first elements within 18 
Memeo Cr LOtification. In order to accompiish this task in 
emo cderiy manner, the DRF is broksn down into «hree snaller 
Meets Called Division Ready Battalion 
DRB-2, DREB-3). These units ar? at 


preparedness for deployment. DRB-1 i 


poet! be the portion of the DRF that will be airborne in 
Heeneurs. Fart of the deplcying force can be made ur of 
some cf the elements from the separate battalions. 
Therefore shese units, also idantify and va Vie jee 0 


Y 

Meme Ct thelz assets in a prepared state. In ct 
the air defense battalicn this means 

Meme Fa -=teries has the tactical mission to support the DRF. 
ieus stages of 

ton (seven 4-15 1A2 


This line pattery has elements at V 


iD 
ey, 
( 
<2 : 
iD 
a 


réeparedrness with az least one 


R 
jeeps, 14 personnel and 42 Redeye nissiles), and one Vulcan 
fo) 


v 


platocen (4 Vulcan guns, 18 personnel) prepared for immediat2 
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@onse(oc¢e Figures 1.3 asd 7.4). “Immediate 
Beaggang c tions" simply means that all a battery has <o 
do is place the designated equipmen= on heavy-drop plac- 
meets, =trac the equipment to the platforms, attach 


parachuces, and load the "rigged equinpmen=" on the plane 


) 


Peeeaeplicyment. Later in this section is a descripticn of 
the 18 hour sequence «=he deploying force goes througao in 
making final preparation for movement 

In the ¢ariy stages of the 18 hour sequence, «he DEF 
command¢ez néeds to identify what combas assets will bé 
needed from the separate battalions *9 support his deplcy- 
mén= mission. This décision will ba based largely on his 


(D 


Seme-=ee. Of =he Operation (tactical ground olan), his éxperi- 
Perorte y= 


Sea > 


ence and knowledge of the separate units! combat asset 


7) 


number of aircraft available for movement, and the sal 


(i) 


ship of the separate units’ commanders. 
mn this situation the brigade commander is Similiar <e 
the housewife in a grocery store with her limited budge. 
The separates batctalicns' combat assats are items on th 
Siem With various prices and functicnal values, and cha 


numbér cf cargo airplanes available for movemént is the 


Beegad] ccmmender's constraining budgez. He can buy 
Seyening that will £:* on his airplanes, and no more. But, 
femaoe> Net Want to Euy just anything. He wants to maximize 


has ccmbat tower with his Limiztad resources. He wants to 
nurchass the assets that will best support his ope 
plan, and give him the greatest chance of obtain: u 
The guestion is, what combaz assets b2s* support his 
operation plan? This is where the air defense battery 
commander, along with all the other saparate company/trco 
batciery ccmmanders, comes into play. Based on the brigad 
Semumeaendsx*s operation plan (ground taccical pian) and, in 


the cas? cf air defense, his priority list for air defense 
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Sev-ereqe, <=he 


Pemaa.~ions for the type and 
Memes -Crtal force structure. 
sukcrdinate commander's 
Seeamizs “ne brigade force 
a biased foint of view. 
Subordinate commander would feel 
Mea contribute more to optimizing 
the compat 


mass than weapons Of the 


Meee toons. This reccmmendation is 


ical in a magazine or on 


aiz defense battery commander makes his tece: 
number of assets *o b2 includ 
Tt should be recognized <hax 
recommenda 
structure 
It should be expected thar 
isla = 


ss levasion: 


ZaOmMeocerow best =¢ 
Wil be paesSen zea =oFcn 
each 
his combat weapens 
Pio oa tddade, Eem@ee-S=sic— 
other independent 


somewhat like a commer- 


1. The air defens= commander is compéting with the 
sutordinat2 ccmmanders of the other indevenden= 
Dattalzons for the Drigade commander's limited cargo 
space. Each ccmmander has a desired force he would 
fox) GO cak=, ells CTeccan:zess the face that the 
Paigede commande: has @ consSttaining factor; «hus, 


*he versatili 


relevant 


to make the brigade commander 
ty O£ their weapons. 


exr's recommendaticn also presents 


im LoOota - Ucn 


cencéeming the speciai needs of aizr defens2= design 
Weecne ene -NESntion Of MNakang cas brigade ccmmander a 
"smarter consumer". The Gbyeeeeve 2S <O give =the 
brigade commander the facts necessary to make his 
sade-off decisions ccncerning combat weapons. 
The batzxery commander's professional skill as a soldier, his 
sechnicel knewledge cf his air defense equipmere and his 


understanding of the deployment 
SOOl= =hat adnsure his success. 


mBeough=t process is in 


developing his 


make the difference between takia 
package or taking an air d¢efens2 p 


meee a. rt CtTartts that are laftt over 
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Situation area the narketing 


bis 


BpoCommemeaa sas0n- could 


How well organized 


g a qocd 


ackage that 





Emmet He SIS PURPOSE 


Mhe Purpose of this thasis is <o davelop an evalua-ion 
framéewcrk or decision-making technique to serve the air 


defense ccmmander in developing his forcsa structure recon- 


Ce 
(b 


mendation; a technique that when implemented will offer + 
user flexibility, speed, and organization. The thesis dos 
not directly address the major topics of air threat asseéss- 
ment, guipmen+ performance, weapon svstem reliability and 
cther system characteristics, cr how to evaluate the force's 
measure of effectiveness as the result cf the batter 
commander's recommendation. These are peyond the scone cf 
tTAIiS thesis. Rather, the thesis concentrates on how to 
crganizée muitipl= and sométimes unrelated inputs to develop 
a rational recommendation that will provide optimium results 
for the airkorne brigade. Only +he air defense weapors 


ons are the sowed Vulcan 


feeeaned <O ths alizrborne air defense battery will be consid- 
ered in this thesis These weap 


gun, and the Redeys missile. 


C. ORGANIZATION OF THE THESIS 


Mre> =hesis consists cf five chapters. Chapter II 
Mmmemecauces =he reader to the terminology and doctrine of the 
airborne division and the air defense battery. 


nee ter III srovides <=h¢ rea 


SaMWwat ec father izes 70n 
utS utility measurement 
(MAUM). It also introduces ¢! 


d 
Seeee Deinciples of multi-attrib 
he © 
Pema -O be compatible with the o 


dé= t9 a version of MAUM 
SG22VieS Of whe ale 
defense iarcdél. 

Chapter IV explains «he format of the air defense model, 
and Chapter V contains zh2 conclusions and recommendaticn of 


the thesis. 
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Ae INTRODUCTION 


This chapter is included to give the reader a basic 
understanding of air defense and airborne topics as seen by 
mieement U. S. Army tactical doctrine. The intent is <«o 
Bteeat ze the reader with che terminology and some of the 
operational meaninas cf the expressions. The majority cf 
this data was extracted from Army Field Manual (FM) 44-1, 
U. S. Azmy Air Defense Artillery Employment, dated 26 
February 1979. Additional guidanc?2 was obtained frem FM 
GU-3, U. S$. Arny Air Defense Artillary Employment 
Smepartaei/sVulcan, dated 30 September 1977. 


Be INTRODUCTION TO AIRBORNE OPERATIONS 


The mission of the United States Army is to win a land 


Pewee cs, TO do this, the Army is crganized into divisions. 


§) 


Medev:sicn is further otganized into tnre¢ brigades, and 
Beigade is a grouping or thrée maneuver battalions. 
The Erigad= conducts <wo général zypes of operations. 


[Meemt2s>st bread ype is offensive operations. 


The primary purpose of cffensive operations SO 
dastroy the integrity or the eneny’s derense oF Daeakia¢ 
thrceugh his defensive system and driving rapidly into 
Meade a 'GaS tO destircy artilisrty, ai= dstensé, command 
fee 27° support, and command control systems. 


The secend broad type of operations is called defensive 


Geetraticns. 
The purccse of defensive operations is 40 cause enough 
Casualties and destroy enough vshicles to convince “the 
enemy that his attack is tco costly and should therefore 
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Mewdzsccntinued. From tame to tine, defensive | 

Biera=.cLS are conducted to gain time wher concentrating 

memeec= Clscwhers on =he bat=lerieid; t9 prepare Ecrcess, 
Oey Seomechi crew sSsSsocnzis i 


facilities Se 345 Calva eons 
memtrain. fref 


fone azrtorne brigade, like a conventional infa 
Pemeyeae, CCnducts both type of operations, but the prepara- 


Beemepmase for the airborne uni« is a little differe 


(Qu 
iD 
m4 
o® fF 
Q 
7} 
it 
\ 
O 
pw | 
Ed] 


Major difference is time allcowed for planning an 
The aizcbccrne brigade achieves its greatest tactical advén- 
meigemey SUSTCrise entry into or near ths battlefield. 
Smeeiase ME2ns Short netice, limited number cf individuais 
involved with planning, and rapid movemenc. 

Peemn2ng £OD Operations is conducted in great detail. 
Four plans are developed for the sxecution of an ai 


O° 
@eetetion: (1) the ground tactical plan, (2) thé Landing 
a 


reverse order of 


@ 
‘er 
( s 
J 


a 
eeeo, (3) the ait movemen= plan, and (4) the marsh 
plan. The plans are develor 


executicn 


Memeo: Dlanemehe gooundmeactical pléem, includes «he 
= O eKe 


emgeetewe cc: =~h2 force, the sector O©f Dperationr, location of 
peer ec=CcS Sscurity clement, task organization, firs suprors 


, and combat service sup 


it @) 
O 
i] 
6 
tJ 
oS 
wv 
iQ 
| 
O 


an is developed [rom an anal 
Peete certain, weather, =OICcS strength, and duration of the 
M@@emaeticn. Tne ground tactical pl £ 


a e iS 
Bee Ctner three plans, and as'the brigad¢ ccamander's 


eo) 
HB 
(2, 
(bp 
i 
UI 
e 


a tc all subordinate ccan 
Bg Olan Containstens Sequence and-methe 

Medevety ino =he area of Operations. Ths landing p 
a 


encludes how unics will ass 


Mm 


noe, as 
be used by specific units. The landing plan is a us¢ 


developing the marshaiing and air novement plans. 


V7 





Mew =hoee Meenoags of delivery are airland, low-aizitude 
parachute extraction system (LAPES), and parachute drop 
Wteavy GrCp). in the airiand method, the aircraft lands, 
the ¢gquipment drives off woile «he aircraft engines are 
Gunning, and chen the aircratf* takes off. The airland 

thod insures minimum damage to equipment; delivers vehi- 


cles ready for immediate drive-away; delivers crews with 


th 


their weapens and v2ahicles; and provides for the return o 
ceasualcies, prisoners of war, and damaged equipment 

With low-altitudeée parachut? sxtraction system (LAPES) 

Vv eas 


mm@emaacrccratft slows dcwn, flies fi ==S. Off he 


n 
Geoand, end drops a parachu~¢ out che rear o 


rau 


she airplane. 
out. The 


Pemeese muse OLTSrsS no air support to the load; it is just a 


The parachute inflates and pulls the aguipment 


Memeo. &X<racting the equipment From the plane. LAPES 
requires less oreparation time, fewer personnel, and less 
Samepment Support than heavy drop. LAPES is a pinpoint 
delivery system for cembat equipment (4.9. Sharidan tank); 
however equipment is more suscéptible to damage with LAFES 


fg]= third mezhod is parachute drop. This nethed 
imes more préparation time, mora personnel, and more 


T= equipment than does LAPES. Leads are strapped <o 


y) 


Cc 

metal platficrm referred to as a heavy drop platform. The 
pete term 1S adjustable in length and is usually just long 
peeman +O cever «he base of she ioad. Then two or zhree 
cargo parachutes ar2 attached to the load. The number cr 
parachutes depends on the weight of cargo. @hile airplane 
flies at a reduced speed (130 knots), and at an altitude cf 
800 fe2* abcve ground level (AGL), tne parachute pulls “he 
Paes pment out the rear and supports «he load <o the greund. 
Equipment is 2ven more susceptible to damage with heavy drop 
“han with LAPES, and this delivery method is uct as accurats 
as the above two. Variables such as wind snecd and pilot 


Pmeoeeplay @ Majer =rcle in the accuracy of this methed. 
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mine diz Movetiene plan Specifies aircraft leads. It 
meade s a Schedule fcr loading of aircraf*, and the routss 
to be uséd in moving the prepared equipment and perscnn 
from tigging aréas te the planes. 

The marshaling plan provides the details nécessary <*9 
assemble personnel, 2quipment, and supplies to be employed 
in the deployment mission. It vorevides a schedule fcr the 
completicn ci major events in préparation phase such as 
preparaticn cf equipment, rigging of equipment, novement of 


loads, and pre-flight inspections of loads. 


C. AIR DEFENSE DOCTRINE 


Army air defense doctrine consists of the principles cf 
@eemeade ONS, Organization, and tactics required to fight an 
Seema stcleé. These principles previde for the employment of 
a mix of conplementary weapon systéms to counter the varicus 
aiz threats used by the snemy. The U. S.~ Army weapcens fer 
air defense ar2 divided into two categories: 

7. Low altitude, short-range air detense (SHORAD). This 
category cf air defense weapon systems includes the 
molvecen Gun, Chapartal missile, and he man-por<able 
aix defense system Redey> missile. 

2. High and medium altitude air defense (HIMAD). Within 
*his category of air defens= assets are the 


Nike-Hercules missile and the Improved Hawk. 


ae 


These categories are based on the altitudes at which 
ecial engagements by the weapon system would nermally 


1 


most 
take 
5000 
SKM. 
above 5000 feet AGL, and at ranges to 140 km. HIMAD Systems 


83) 


cé. Most SHCRAD engagements will take place below 


ey) 


th "TS 


A} 


(D 
(D 
ct 


ove ground level (AGL), and at ranges less than 


ic 
h the HIMAD systems, the engagements are normally 


it 


a 


have the capability cr engaging targets at lower altitudes 


and shorter ranges, but zheir mission is to engage the 


ine 








hostile ferce at maximum distances. This allows for 
follew-cn shets if necessary. 

SHORAL systems are ea employed in support of mnanée- 
uver elemen=s +o defend th2ir critical assets against 4at=~ack 
Ipepeocse Support aircrart and ee. SHORAD systems 
must be capable cf mcving with the force they support. (A 
battalion-size element is normally referred =o aS a maneuver 
element). 

HIMAD systems are deploy2d with a division-siz?2 cr 
larger unit. Longer range air defense missile systems 
provide area coverage; these systems have more squipment 
than SHORAD systems, and therefore require more time =o move 
and se* up. These systems are not designed =o be delivered 
By heavy drcep or LAPES from azrplanés. 

In mcst army divisions, <hes2 aiz de 
Bemeencegrated with friendly fighter aircraft 
aaz deferse desiaqn. The fighter aizrcraf= w 
Smemy ai=creft well fcerward of she £riendly £ 
distance cf apprcximately 10-15 km) to effect maxinun at=ri- 
Terme and to break up concentratsd attack formations. This 
*aczic removes some cf the organization and smcothness cf 


the enemy's attack techniques, and adds to his uncertainty 


(D 


(¢.g., more concern for his fuel reserve or pessible damage 
h 


Pemoa2s plane). This also presents +o the enemy a continual 
air déefeanse threat throughout the friendly's engagement 
zone. 


D. CCMMAND AND CONTEOL 


Normally the senior air force 9 
Syeaall air defense ccmmander. His title willevary 
Hepend: na on she size of the organization he is charge cr, 
bee Me usually will te called the oeath. aic defenss¢ 


commandst, cr the area air defense commandér in an unified 


Z0 








Seamejoln. Command. Within the 


di voStOnper ene eska2OL ait 
ake 


defense ccmmandes is the battalion commander cf the air 
Gemen=e=e battalion. Tke pattalion commander coordinates his 
activities with the area air d¢efsrss commander. 

Engagements of air defense weapons are controlled by the 
azsa aizc defense commander through the establishmenz of air 


dzfense 


ees ena Drecedures. Ths authority co order an air 


d=fense engagement is retainéd az she nighest unit able to 


Preeeccively control the air battle. For Hercules and Hawx, 


mmeseis Usually battalion level, for Vulcan i+ i 


normally 


s 
eee Daccery level, and tor a Redeys ~sam it could be the 


enlisted team leader in charge of the ean. 


The 


1. 


tules and procedures include the fo 
Rules of Engagement. These are directi 
arta air defense commander that are includ 
Sactical standard operating procedures (TS 
Mee.) having apeaizr defenss mission or air defense 
Jeti Deyeole emo general) hos zii¢< 


E 
di weeesbae-7/G-C¢gsann cal control direc- 
iL 


(D 
oY) 
} ry 
tf 
Cds 
M 
ri 
ib 
| 
(nh 
iD 


meee Cl VasUal techniques. V aocan he 
Piece ave Mente fication Gf <ne aiztcraiz. Other 
Wctiba ick gceriag ghat ClaSSiiy an aLrcrartt as hostile 


Satta =2eCKeNgG (22 ==nd 1 y¥SerOocpS;, cr 
SlmCtraiee GEOPEING UuUnautnorized substances. 
We apetseCcrececl. asec on zhe uation, the 
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ccemmarder to change to a léss restrictive wearen 
centxccl. Commenly used <erms are "weapons fres": 
weapons may fire at any aircraft not postiviely iden- 
Pewee ser sl endl ly: “weapons cight™; fire only ax 


BPesGect: Positively idéenctiftzed as hostil=; and 
= 


"weapons hold": do not fire ¢xc2pt in self defenses. 
As iring Commands. Thes¢ are commands issued regard- 
less cf the weapons control in effect. There are 


shree commonly used terms. The £izrst of «he three is 
"hoid faire": this command is use 


d 
peeee ec) stiendly altcrat=. The sec 


Ih 


". Cease fire is the command used ¢ 


e 
sim 


iD 


C 
Simultanecus engagements of a target. The + 
g 


command is "cease engagement". Cease sn 
ng u 


the cemmand used to prepare the firing unit +o engag¢ 
@en2gher priority target. If rounds ar2 not already 
in flight, the engagement sequence is stopped and the 
miei og UM Prepares tC Sngage the new tardec. If 


Tcunds or missile are already launched, the firing 
n 


WC GemeoNtiNUSs with its prssen= Engagement until tks 


memes ©© Missile iuantercepe the target; then i+ 
orepares to engage the néw target. 
PeeeeeAdR DEFENSE MISSION 
feeecgiet etal <stms, =h2 aiz defense objective is te limit 
the effectiveness of enemy cffensive air efforts. Air 


é 
defenses are those actions required to nullify or reduce an 
VarbomGcatabliity <c USS airspace to attac 

u 


mn 
ces. The ultimate goal of air d¢erense 
a 


BOT fers 3S 9°26 
Meese: L[uiendly forces from an enemy aitcraét or missile 
aztcack, +o allow freedom of use of the aizrspace for friendly 
forces, ard to allow freedom cf movement of surface units/ 


38 L 
ZOUnd =roops. 
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FP. AIR DEFENSE TACTICAL MISSIONS 


Peeeeccrivy, theses aze four tactical missions that can &£ 


(Dp 


asSianed to an aiz defense commander. The first is g¢n 


iD 
4 
AY) 
‘e 


Suppert (GS). An air defense command3r that recieves a 


+) 
WY” 


moassion will provide aiz defense for the force as a whole 
The ccmmander supports the entire force, and is not 
commitzed <c any specific element of the force. The air 
defense ccmmander coordinates, develops, and implements his 
air defense design and is responsibis for positioning his 


weapons systems. 


ay 


The s¢ccnd tactical mission is that of general 
Supporting-reinforcing (GSR). The air defense commander 
provides air defense for the force as a whole, and augmeé 

the cceverage of another air defens=? unit. GSR units aré¢ not 
mmm ted tO any Specific element sf the forces. Poesiticning 
cf his units may have to be coordinated with the air defense 


Ss augmenting. 


ea 


uniz= he 

Mew enttd tactical mission is reinforc: 
defens2 ccmmander's primary mission is 20 4 
ccverags cf another air defense unit. The 
commander is the subcrdinz*e commander, and cocrdinate?s ths 
deployment and positicning of his weapons with che rein- 
forced ccmmander. The -~¢in forcing commander establishes 
meresOn and Communications with th reinforced unit. 

Meme elern cactlcal ML{Ss#on is diztec= suppor: (DS). The 
air defense command2r with a DS mission provides dedicated 
air defense for a designated maneuver unit within the force, 
and ccordinates his mcvements with the element he supports. 
The air defense commander positions his weapons to vreperly 


Support «he operations of the supported sciement. 


ZS 








G. AIR DEFENSE PRIORITIES 


Mnec=ec Wall aiways pe more needs for aiz defense in an 
area cf operation than there ar2 air defens o) 
Mmeemec. them. On developing a list of pricrities 
defense, che force (brigade) commander and the air detense 
commander should consider the fcllowing: 


1. Vulnerability. How well can an asset survive an 


eeack? 
PAX ee HOw CE ie2¢cal 25 che asset to che 
mission? 
Semeeneccuperabilit If the ass3at is attacked, how 
MuecKkiy can dan mage be repaired? 
4. ee ey 2ir threat. aAhat is the anemy's capability “*o 
ck the assét? 
See aelccation. Can assets be regrouped =o result an 
f-Wer =OpDald=¢ aSSet Ss? 
Heme OCT ICAL PRINCIPLES 
There are four fundamental orinciples of employment 


O 

meer £Orm the basis for accomplishing the air defense 

Bmeca.ve. The first of these is weap m 

pemeetca. cn cf a sufficient amount of aizt defsnse reasourcé:s 
the brigade commander's priority 


meee se «Ih this situation, ‘more is petter’. 


mMen= ci air defen 


@maekecietistic 


[Mie mired princsple is mobilixzy. Azz 
a Ss 


ct 
ct 
ss 
Ww 
ef) 


ke able tec move, and nove a 


Pte oemenoay a=c =O provide ~hs unit with contin 
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defense coverage. Mokility also increases the air der 


iD 
2 
in 
iD 


“eee” chances of survival. 


Mem = Ral principle is that of integration. Tags 


y 


Simply means that the air defense design must be integrate 


Mieomcne overzll plan of the brigade to be effective. Tha 


ct 


meee. Subordinate units of «he brigade must be working in 


unblscn -sCwards a commen goal. 


I. DESCRIFTION OF SHORAD WEAPONS 


Rudci£ Walzer commented: 


meeecow tevyel fiying is used increasingly bv our own 
and sneny aiz forces. This tré¢nd *o move strike ofera- 
ticns t¢ altitude ranges between 30 meters and 300 
mezsrs is clearly demonstrated by technical and Speres 
meeenal ccncepts embcdi2d in the F-111, Tornado, he . 
SU-19, A-10, and the SU-25, as wall as by the -ncteasing 
mmo rcance of che helicepter on th2 battlezrisld. 
Mact. 3} 


Ae ers 
lrcraft, greater =mphasis has been placed on low- 
ange aziz defense systems. This thesis will 
Meee criy cn low-altitude, short-range (SHORAD) weapons, 
Memon y <nosS Weapons organic to the airborne divisicn. 
Tie, Liss. System 1s the Vulcan. 
The Vulcan is a mcbila air defense gun system used to 


Semneer the low-altitude air threat. ite £Fa 7 = 


rh 
th 
iD 
Q 
a 
te 
< 
‘D 


@gaanst both high-performance aircraft and slower fixed-wing 
g Ga~t . 


@eecear. and helicopters at tanges out to 1200 meters. 
Waleaen can also provide effective ground firs against 
personnel, weapons, and thin-skinned vehicles to a rangé or 


about 2900 meters 


AS pointed out by Lisutenant Colonel Frankeski: 


ii] 2Nreiaitteraft (AA) gun has be proved one of the. 
most valuable aid flexible battlefield resources avai- 
und 
Sue 


u 
a 


macle to the ground commander SIO commands =s who 
have such weapons and ‘rained uni ane disposal 


he 


S 


Ze 








Meare she resources to, substicute for or reinforce theiz 
Rete azrtillerv, ccast defense, and antitank forces. 
Ref. 


The towed Vulcan gun system consists of an M-168 
Cannon mcunted on an M-42 gun carriage. The prime mover is 
usually an M-561 Gamma Goét. Maximum speed whils towing the 
Vulcan is 45 mph on improved roads. 

Pie eccmparatively light weight of the towed Vulcan (3150 
Demme) Permits iS use in Supocrt of airborne operations. 
Emplacement tine for the towed Vulcan is about five te “en 
Minutes. Reaction time, che time between acquisition of 
Seege. aNd titing on target, is about ten seconds. 

Mie Vulcan 1S a six~barrel 20 44 Gatling-type gun that 
fea 2Ow-firing rate of 1000 rounds per minute and a high- 
feemeg tate of 3000 recunds per ninute. Using a firing rate 
Saeeeci, <n Vulcan may be fired at the high rate in bursts 
Seton 50, 60, and 100 rounds. Its onbcard rang¢e-only racarz 
fee DcrCVides ranging information for the fire control 


system. Th cannon can be transversed 360 d 


(iD 
‘Q 
14 
(DD 
(D 
Nn 
{- 
a | 


azimuth end elevated between 9 dsgrees and 80 deqraes 
Meeeeouch equipped with a night sight for ground firs 
SUppOr =, the Vulcan 1S a faireweacther, daylight air defense 
SyStem with a maximum effective range agéins= eerial +argets 
Smmeccu. 1200 meters. 


Vuican nermally uses air defense, incendiary tracer, 


Sees O>senUCc= ammunizion (HEIT-SD). Avproximately 500 
Geunds of ready-to-fire ammunition ars carried on the 
weapon. Reload time is less than three minutes. Ancther 
Seo rounds, which ccmplaces the basic Load or 4000 tounds, 
are cérrtied on the prime mover. 

Macualssuppoee., the tactic of placing a weapon within 
the engagemenc capabilities of a+ least one adjacent system, 
BoeaccoMpliched by pestzioning a Vuican within 1000 méters 
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@eeener Vulc 
ment, Vulcans é@ 
strength units 

Vuican's ma 
aiz or surface 
u 


Ge 2c Jac 


range fcr aéria 


Mime Ceoher 2it 


@ey2 22:04 is thea 
shoulder-fired, 
missile system 
individuals éac 


mMEt2eazs. Engage 


eae ae a =2Suit oO at 

'wemrGataty depleyci in palits or in platcon 
Gm Of around” =h2 a ¢ 

FOeesceng-n iS ite dual cao 

mengecs. ta jOr acc 
Kot 


SLSe weapon organic tc the aizborne 
dey2 is a man-portabpis, 
aoe CS rens], 2iAebared=-seeking, guided 
deploy2d in tzams of =e 
z 


Tange of about 3000 


prime mover is an M-151 jeep. The 


Vv 
fee "Oeste uLoad Of Six cOuUnNdS, the <e 
Dv 


weapon is 2lso a fa Cae ed cree ligih= «a= = 
The weapon has no capability to engage 


Sod ecOmeewoU.cS Peet ls =o NyGnt perimeter 


2G) 








is supervising th gunner and scanning the skies for 
targets. The team Leader is also a qualified gunner; <czhezre- 
fore, the team has the potential of launching two missiles 
Simultanecusly. 

Redeye's major strengths are its light weight and easy 
d2ployment capability. Major limitations of Redeye include 
the “smcke signatures" of the weapon when fired, <he “tail- 
chase" nature of the weapon, and the limited possibilities 
Pemmemiyicaple firings at a given target. The smcke signature 
or the weapcn is a smcke trail the weapon leaves as it moves 
Peet@ecns launch area to the tazget. Other targets in the 
area Can us? this trail as a means of locating and directing 
Suppressive fire on the Redeye team's position. The tail- 
chase nature of the weapon has to io with the weapon's 
infrared-secking device. Most high performance aircrafts! 
engines emit their exhaust tewards the rear of tne planes. 

The R¢edayt weapon seeks the hottest area of this exhaust 
which ncrmally is the rear edg= of th2 engine. As a result 
meemtisstis tends to fly along a curved path ending with ths 
Missile "chasing" the target from behind. his tail-chase 
nature of the Redeye has two possible weaknesses. The firs= 
is that £cr a target to be engaged by Redeye it must have 
already passed the Redeye's position and be moving into «he 
Geoee alee ~O deliver the aircraft's ordnance. The sec 
pessici¢ weakness is the resuiz of technological develo 
ments; scme aizccraft can simply outrun <=ne Redey? missi 

Pocmemimcea ss LoOssibilecies for mulciple firings is che 


function of the number of members on the team (twe), and che 


m2 required to olacé a Reday? missiie into cperzation (ten 
econds). Normally, the maximum numbar of firings per 
arget will be two. 
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Je. DESCRIPTION OF 18-HOUR SEQUENCE 

The 18-hour sequence is a predetermined order of events 
ieee 2ESures the deplcying ferce conducts its preparaticn 
phrase in an effective and complete fashion. How well che 
personnel of the deploying force understands the sequences 
met Geztermine partly how efficient the unit is in its 
deployment. 

The material for this section was extracted from ~=hé¢ 
Readiness Standard Operating Procedure (RSOP) of che 82d 
Airborne Division dated February 1981. 

The 18-hour sequence starts by notifying che daploying 


f23j-s Mission. 
The standard 
is: 

N=nour 


eee UT 
2. 


ans + 
N-hcecur. 


stquéenc2 


Unit starts ovrocedul 
rerscnnel of the uni 
“Ss is norn 


le Vis AB Spl, io) 
a. 
Uni 


:00 


71. Brigade ccmmande 
on the apcoming ¢ 


as 


i= 


aut 


Esnvenics so 


% 
S 


pcint 
N+2:30 


Peethne riggis is 


equifmen+ 


aiea 


preliminary pre¢parat 
a ogde ass¢actling 
necessary to secure 


ed a 


Hie ale Ore not. te acat On 


opera 


Mou TSecteves not i=: 


eae 
2xerer ses 
warning order or a tentative 

Rete are c=) 1! 


as fot besn designated 
put the personnel at 


plawZor ns, 


is called 


ZG Ocecaleac¢ FOr che 18-hour 


efs his Ssubordinat? comman 
Shs aS DOsmally cell 

qround aoren) At 
many unanswer questions 


the exact 
Or the exerca2ce, 
ging site can start some 
Sola Pasa ns Could 
en. sin ec e 
Boone Watt orme, and 


opened. Ae ooh See eS 


h 


4 


— = 
— =< 


the 
Se) 


ne 


equipment 


drawing parachutes from Storage warehouses. 


is 


=o) 0) 


Tole S 


Sukbordinat2 ccmmanders 


ao 





N43 200 

1. The designated equipment begins to move to the ; 
Cidging area where 1t Wall 52 piecpared for aiszland, 
PAGES, cor theavy drop. 

N+8:00 

ieee Unit personnel draw paztachutes. Personnel prepares 
*heir individual weapon and equipmert for the 
Mecomndg gmMP,. Ehis' 2ncludes taping loose s=zraops, 
packing ee Orbe rcceneaggang souspnen. So miat 2% 
can be atfached to the jumper for the jump. 

N+19 :00 

1. First increment of the combat ¢ uipms cerca nC. , 
LAPES, or heavy oe oe is moved from ths riqging aréa 
Beene aie r ate Pe= Kang dalca. The prepazsd 2quipnent 
zs loaded as flan2s ara made availaole by Air Forces 
perscnnel. 

N4+16: 30 

ie «(ALL eae comtat equipment for che deploying force 
ms Leaded. 

Meme = Pe SS ecnnel Start che process of putting on their 
Psdavidwal patrachuces and tigged individual equit- 
mena. 

N+17:30 

fue PencSOmnel are properly rigged with *heir para- 
chutes and ready to be loaded. 

2. Personnel are loaded on zheir designated airplanes. 

N+13290 

moe Psst abe Slee is eirberne followed at 30 seconds or 
Pecoce ped 8NtervalS un =2i che deploying force has 
wisic-econ Off. 

hemween abl SOPS in the U.S. Army, these ars guidslines 
Bempe USed tc increase the smoothness of the cngoing ¢venr. 
There may be occasions woed 


where the guidelines mus= be modi 
#90 accomcdate the current mission. The division commar 

Mimeeiic Satuation, is the individual that will approve all 
changes «tc the SOP. Unless a change has beén approved by 
Smee PEOPer euckeoritcy the SOP should be followed to the 


Hetzer. 
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III. MULTI-ATTRIBUTE UTILITY MEASUREMENT (MAUM) 

The purpose of this chapter is to #xpound cn three 
areas. The first area will direct the reader to a few cf 
the works that emphasize the advantages of having @ juda- 
mental ncdel 2ssist a decision maker in developing his plan 
Of action. Many of the advantages or objectives cf the 
judgmenzal models are desirable features for a model for 
Selecting equipment for air defens2? purposes. The objec- 
tives that ccincide wili be covered in some deta 
eee, and tnen explicitly restated at the end of the 
eee Cl. 


The second area will orovid2 4a brief, informal ¢explane- 


WD 


mon Of MUl*~c~attribute urilizty measurement (MAUM) inten 
PO Lemiicarize tne reader with the basic procedures. There 
ace many versions of MAUM in use today. Whiie all are Lased 
en the same basic ideas, =he d¢tails of implementaéticn var 
Mee ce enorther. Du= to =the numerous variations @ 


Meee ted Ssxplanation of 4¢ach version of MAUM is not fsasi- 


imeerte Chitdsa=eca, the version of MAUM selected for «his 
*hesis wili be explained in mere detail. The version 
Bemeec=>0 £O0r this thesis, Edwards! 10 Step MAUM called 
eee ee =a Gus ck and dirty’ varlant of the technigue. 
PeeGartdinez and Edwards sey, it, 


Sees SNS Fi NOt coves NMachetacteal SOpar sti cation 
or sitimacy 0 f relation betweer unds=lying eOeiian: —s2= UC 
Ba=c= dnd =h= practical precedures that - mpléemen~ them 
Bas Cather toward easy COmmurication and use in enviren- 
Ments in which time is short and decision nakers are 


Basy. | Ref. 5 ] 


oat 
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Edwards and Nawmann {Ref. 6], introduced SMART in 198 


4 


ea 


chni- 


meme vVo2rsicn of SMAET iS a modification of éarlis 
gues intrcduced by Edwards in 1971 and 1979. 


Meawards* approech was selected torithe following 


}— 
a 


reasons: (1) it has the great advantage of béing asi 
taught =c and used by a busy decision maker; (2) its fra 
work applies to most MAUM procedures; (3) 1t neets t 
Characteristics Little [Ref. 7], states are necessar 
model <9 b2 useful te management. Ac 

pi Qn 


mod2l should b@ simple and easy to uy 


should be easy to communicate with; 4 mo 
(an user shculd find it hard to make the no 
answers); a model shculd bp@ easy to control ({ 

*he user wants i+ +0); a model should be adavoti Seay ot 


ve ( 
update); a model should be complete on important issues 


mpeemal level cf detail). According to Little, 


Mmeeen sMpOrtant aid tc completeness 15 the incorpora- 
meeonm Of subjective judament. [{Ref. 7 }j. 


A. OBJECTIVES OF THE AIR DEFENSE MODEL 


Mane purpose of this section iS tO discuss chose cb jec- 
tives of modelling «hat ar2 to ba included as objectives of 


the air defense model. Thess objectives are: 


UW) 


ieee Le Geveloc a Elanring mod2l for crgéanizing thought 


@ 
9 


2 


pu 


a framework that, cnce completed, will assist the 
defense commander in communicating his recommenda- 
ticns +o his supérior. 

Peele devevop a nede! tha= =Smenas: ze the tole of judg- 


men~. 
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fuerte develoe a model thet can be adapted *9 various 
Situations. 
R., Te develop a model that is simple and understandabis. 


This thesis is developed on the premise that a nedeal 


~ 


which includes the interaction of the individual's judgment 


ty 


as part of tha model system wiil produce resuits which ar 


(D 


eieeracr to the situations where (1) «he individual relie 


9) 


Betely cn his intuition (based on military judgment cor 
experience), or (2) the individual relies on statistics as é@ 
Memwesmon pr=d.czting, or (3) <h2 individual relies on the 


process2=s of a model alone. As Holt concluded: 


Mea Search of the literature fails to reveal any 
Studies in which clinical judament alone has been shown 
to ke superior to statistical predict ion when ue are 
Dased cn the same ccdable input variables. [Ref. 8]. 


Mmaewsubjec= Cre Ain=uitzon alone versus modei-plus- 
judgmenz has received much emphasis in recent years. This 
secticn will réview some of *he arguments 
Mor, -C CCVEIr OF SUMMAaAr1zZzs Zhe entire works of the many 

é 


m@enors cn sither side. An interested read 


O 
Start with Faul Meehl's book { Ref. 9], or Dawes’ article 
Meer. 10). «Th d 


ite -Oeaime-OuSs O=her articles and books written on the 


Nene oronetecss Wolbeqicsc= =he lniteres<ts 


Meeprss Sceldy Of Crganizetion, Zdeina 
Mmeenceslesting Comparison of the quality o 
Seo] 22 a COMpetitive bidding situation, with 
the use of a judgment-based model. In seven tests, 
Managers-plus-model wen the bid, wnils managers alone won 


* thoe¢., The mod2l used was extremely Simple and did 


lit+le mere than assist the managers’ own estimating proce~ 
mir=S. f= provided Organizetion to a time constrained and 
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Meee ruc -ured process. It was assumed by Edelman that in 
Situaticns where time management was critical, managers 
without the model tended to overlook some impcertant asp: 

or biddirg, whereas those with the modé¢l had an establisned 


a 


+ 


Peeecedute tc follow. This established procedure assisted 
preventing accidental oversights, and in the long run 
provided the decision maker with better estimates. This is 
Bae Of the objectives to be included in the air defense 
Models tc develop a planning ool for organizing thceughts. 
[ies MCdei will assist the battery commander in organizin 
his estimates (to make the most usa cf his time). By 
WO=King thrcugh ths steps, the air defense model will serve 


d 
as a checklist, a memory aid to insure he will not overicck 
s 


3 
ee 


meeeempOortan= planning element in severe time limitation. 


The air defense model will also be 2 support decument which 
the commander will use as a reference in ores2ntirng his 


ideas in an crderly fashion. 


mreener Selldy, dene by Litcie [Ref. 7] in 1975, resulted 
in the d¢sign of the Erandaid system. The Brandaid systen 


meet acSractive Decision Support System (DSS) that 
Piweeenss the decision procesSyin commercial marketing, plan- 
MomeGy and estimating overail profitapility. The main 
feature of the Brandaid system is its amphasis on the role 
Semudgment in the decision process. Little found that 
Managers generally have a good understanding of the? dynamics 


G@emeene Market, Cr at least of the intarrelationshinp among 


mes compcnents, taken in pairs. But they are not capable of 
ae Premolien 2htelac=20ns Of different components 
Milglcaneousiy. Acccrding to Little, by forcing 2 quantita- 


tive technique, Brandaid encourages managers to become more 


mamrece: and 2aalytic in their problem solving, but ix stiil 
Strcengly relies upon their experiences, knowledge base, and 
personalized judgment Pecan gh lagh=seanether cbhjeczive +o 


be included in the air derensé mod2l: +0 develop a tocl for 
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analysis that emphasizes the role of judgment in decisicn 
making. The air defense model will encourage commanders (by 
working through the steps of the model) to become mere 
analytic in theiz prceblem-solving abilities. It is 4 mecdel 
*hat will rely heavily upon the air defense commanders 
experencics, judgmen* base, and military intuition icez the 
final décisions. 

The aiz defense model assumes that the air defense 

D 


commander will have a good understanding of the 


0 


of air defense, but ft may require som2 assistance in 
comprehending che many interrelationships among them. By 


Meeeeng through the steps of che model, che commander will 


Bemeetonced tc analyze the interdependencies of the princi- 


ples, +c ¢xercise his judgment base? as to what principles 
MeemoG ale nOk important, and =o place a value on the prin- 
Seeeesc in the current situation. 


The air defense meodel will also allow the ccmmander 


)~- 


Meee ba lity in the chcice of input patametéers. This is 
acy to insure that «he model will be adaptabls so as 
gle all the various werld-wide scz2narios. Dawes 

d¢q that, althcugh models in general are better at 

a 


pen geins Ofiaticn, 


mat 26 model cannct replace «he expert in deciding such 

mags as “What to look for." People are important. 
ths model nay In =eqrates the information in an optimal 
Manner, but it is always <he individual who choose iS 
variables. Moreover, it 1s the human judge who <r LCWS 
peeve direct ional relations hip between *he prediction 
variables Fens Stee ana fl Of Wao Can Cod=s che Heed ale Se eine 
Such a wav that they have cl3ar directional relation- 
SnuLleS inet. 10}. 

Dawes 2lso concluded «hat: 

mes mcCaclsS work for a very simple ee People are 
gocd at ae Bewerquclemen= Signe predictor vardgables and at 
coding em in such a way that they have a conditicnally 
mcncetcne relationship Viiieoiemcaliteiton.,  Peopl= are 
bad az Pntegra- Zeon Osta +1On f2om SORE and incomfa- 
Begle Scircss. Models are good 42 such integration. 


(Ref. 10]. 





The final objective of the air defense model is summer~ 


ized very precisely by Johnson 


= Se decision model rn 


e2 uncomplicated and ¢ésy 
to undsrstand-simple. ([ 


=< 
No 


Edwards puts a great amount of emphasis on the simplicity of 
his téechnigue {Ref. 13]. While this method may lack the 
theoretical elegance of techniques proposed by Rairfa 

{Ref. 14] or Keeney [Ref. 15], it nas the great advantage of 


being easily learned and used by a busy battery commander. 


Barzhclomew concludes th 


»-.indeed a simple model is often more effective in the 
Sense its results may be more likely to_be heeded simply 
because Managemen find it sasier *9 understand and 
therefcre more acceptable. [Ref. 16] 


meen fkef. 17] describes 32 desired nanagerial décisicn 


mod2i as being: 


ié and cruds, rather than mat Sreniae Ca ly 
ees (Ome cote Odecd CN nmeus2stic rules and 
edures for analysis. 


ee Very simp 

sophisticated 

Standard proc 

Summaztizing the akove comments: a model should previde 

Meeoeta= LOL Organizing zdeas; a mod2l shculd aliow for the 
3 


maximum usé@ of judgment; a mod2l should 2ancourage a more 


j~ 


analytic analysis; a model should pe flexible; and a node 


i 
should be simple to understand. Th2 resuits of a judgmental 
model are mcre likely to de used and und2rstood by manage- 
tc 


ment, and Bemnore =fLelreanic “han 2ntulet. on. 
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Be. THE EASICS OF AAU 


me Pete= C. Gardiner said: 


The essence of multiattribute-utilicty measurement, in 
any or its versions, is that ¢ach outcome to be svalu- 
ated is lecated on ¢ach dimension of value by a 
procedure tha*+ may consist of experimentation, natural- 
istic Cbseilvation, judgment, or soOm3 combi nation of 


¢ 


hese. The locaticn mnéasures are combined by means of 
an aggregation rule , most often Simply @ weighted 
average. The weights in the weighted average are 
Meyeec=={ describing ~he importance of each dinension cf 
value relative to +th¢ Nee Such numbers are judgmner- 
tally cbhtained. [{Ref. 18 


Fut a littie differently, zach alternative (rererred 
h ove) may have value on a number cf 

2s (referred +o as dimensions in «he 

me ocseetnUM Senn qué, 2n any version, is <o discover 
10se values, On2 attribute az 2 time, and then to aggregate 

tham using a suitable rule and weighting procedure. 

Probakly =he simplasz and the most widaly used aggregation 

rule? and weighting precedure consists of simply taking a 

weighted linsar average; this is thea only procedure that 

Will be discussed in this thesis. (Readers are encouraged 

Bemecad Hdwerds {Ref. 19] Ecr a broader coverage of thea 


Smegec-). According to Edwards 


22 -theery, Simulation computations, and experience all 
Suggest that weighted linear averag? yield extremely 
Gemee> 2PProximations to very much more complicated 
nonlinear an ac - oer. v > funcy>ons Wnile remaining far 
easier to elicit and understand. Ref. 20}. 


So, what are the Easics? Simply stated they are: 
ieee ideneaty the decision maker. 
Pee Lao-ncsty “=he purpose of the decision. 


Se identity the alt®rnataves for <he problen. 


oH 





Magen =aty es ehe attrabutes of interest for the parti- 
culazr problem. Edwards’ [Ref. 20] rule of thumb is 
phat Cidh= attribucss 125 planty an ; ; 
butées is +90 many. 

Demeekank the attributes from most important to leas 
BU COE=an< < 

pemeenace the attributes in importance. 

7. Measure or estimate? the alternatives of interest one 


Aer” Cece f a. to mes 


) 


8. Sum the msasures assigned *9 ¢ach alternative. 


7) 


} 


9. Decide. 


C. SIMPLE MULTIATTRIBUTE RATING TECHNIQUE (SMART) 


This version of Edwards! MAUM was sxtracted from 
Meeener "Ss article (Ref. 5]. This implementation emphasizes 
Samplicit 

Stepi. Tdentify the persons whose utilities are =o be 
maximized-the stakehciders. A stakenolder is simply aa 
Me@2vyidual with a reasen to care about the decisio 
With €nought impact on the decision maker so that «he reason 
should be taken sericusly. The basic question here is 
Minose Utility?" In the air defense problem, «he brigade 


commander is the only stakeholder considered. The air 


RY 


defense battery commander, the decision maker, develops 
Pecommendation in expectation of optimizing the briaads 
Beumander*s combat capability. 

Pec baeMtafry the ESason for the decision. For what 
purpose is the evaluation being made? What is the reascn 
for assessing the decision maker's preferences? For «the ait 
defense prokicm, ~he reason the decision is bei 
BeeceMize the brigad2"=s combat force and thus in 

O 


brigade's likelinood cf success with its miss: 


Bu 





Seren 3. idenmeztfiy che alternatives to be evaluated. In 
the air defense model to be discussed in Chapzer IV, «here 
will bre no mote than thr2¢ alternatives. These alternatives 
could include all Vulcans, ali Redeyes, or a combination of 
the two weapon systems. The actual quantities for each 
weapon alternative will be stacted at the start (¢.g. six 
Vulcans versus six Redeyes versus three Vulcans and three 
Redeyes). This way the result of the aggregrated rule will 
represen+ a measure cf effectiveress (MOE) for each aiterna- 
*ive. The commandéer will then have & means for comparin 
eiewal-Srratives. 

St2p 4. Identify the relevant dimensions cr attributes. 
What atcributes are important to the evaluation of “he 
altearna~ives for this particular scéeneric? As was mentioned 
in the las* section, the number of atz=ributes should be kep* 
£0 a Minimum (e€ight was recommended). I2 is important not 
“Oo be <=co expansive at this stage. The number of attri- 
buztes Sshculd be kept down fcr reasons that will be apparent 
emeeciy. This can often be cone by restating and combining 
meme bu=sS. [= can be done also by simply omitting the less 
impertant ones. The intent is not to svoive a complete 
[ees The attributes for the air defense model will be 
Considered in Chapter IV. 

St=p 5. Rank the at*ributes in order of impertance. a 
the air defense model, for example, 2 ander working in a 
heavily wocded area might consider the efrects of terrain 


and vegetation mors important on his air defense design 


Mean, Maybe, logistics or vulnerability of weapons. 
Step 6. Rats attributes in importance, preserving 
Meesos. f0 do this, start Ey essigning the least-important 


@ecalbute an impcrtance of 10. Now consider th 


iD 


next-least-important attribute. How auch more2 impo 
memati, =ne model allows for ies) is it than the least- 


BSm@pOrcant? AassSiaqn this attribute a number that reflects 
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Mwera=2O. COncInue On Up the list, checking sach se« of 
implied ratics as ¢ach new jucgment is Hewes, 2 dn 


ma 

ssigned a weight of 10 while another is 
g CnemoOmdee = DTS: 2S 
Pegat cimes a5 important as the 10 attribute, and so on. BY 

e Meocewat Sioul-e 2S Leachsd, there will be many 
POM TOrunstce ehat cae amplied ratios teftlect 
MiOoiidwem anoonded.  tyoLCally, decision makers 
revise previous judgm2nts to make them consis- 
tene with present ones. This step in the air defense mcdel 
is where the mod2l fcrces the air defans2 commander to 
Bemauc. an informal analysis. £a Ae oluts,. (fq., 
“enn ) 72S Importance to the scenario, its importanc: te 
overall mission accomplishment, and its importance relative 
to the other attributes needs to be considered. ere is 
where the ccmmander's experiance and judgment come into 
Day. 

Beeee 7. SUM ch] impecrtance weights, divide ach by the 
Meee py spy 1005, This 


*mportance rating between 0 and 100 Sich that the sum of che 


sum, and ives 2ach attribute an 


\Q 


EFatings egquais 100. This step is purely ccmputational. The 


_ 


fe 


mmemes> Sf a O-t0-100 scale 1S atbitrary. At “his step the 
m 


mermey Of including tcc many attributss in Step 4 becomes 
Meey CDVi0ous. If 100 point Seca ompow ad Seri puted OVer 4 
Pfeor a2-tribuces, and some attributes aré more important 
Baan Ge1Sts, shen the less important attributes will have 


eget Can= weighis cnly if there are a limited number of 
miem. AGadin Edwards* rule of thumb is that 2ight ac~tributes 
are plenty and f£itteen attributes are too many. 

Step 8. Measure “he Location of seach alternative being 
evaluated on each dimension ({attributs). This measuring of 
Pijem "GGa-20n Of en altermative ror 2ach attribute is 
commeniy referred to in the literature as developing an 


ieee ty  LUnGcaroOn set bhe discussiteom of utility theory (or 
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Seeearnen= Of Ulality Eunction) will not be covered in <=his 
thesis. An interested reader could start his study by 
reading Keeney and Raiffa. [Ref. 21] 

je technique of utility theory used in SMART is cailed 
direct assessmen= of utilities by Keensy and Raiffa 
[Ref. 21}. It is calied direct assessment Since it requires 
a subjective input from the decision maker for each measure- 
men. t assumes, with the completion of Step 4, that the 
Meteeeon Makcc realiz=s chs reason for assessing his prefer- 
ences (cr déeveleoving the numeric measure given for each 
Meeetha ive) and is sufficiently motivated to think hard 
about his feelings fer the various aiternatives. I+ must be 


understood there are no objectively correct preferences, =he 


measurements represent the subjective feelings of the deci- 
Petome Meker.,. ff, at any time, =he decision maker feels 


uncomfortable with any of the measurements, it is perfectly 


: 


Seerec. fOr him to adjust them. It is also assumed tha* 
each cf the alternatives can be adequately described in 
<terms of each of the attributes. The measurement scale 
B-commenced by Edwards [Ref. 20] i585 a Straight line proce- 
dire. The decision maker associates with each alternative 2 
Beal number on the scale of O-to-10 that indicates his 
Sibjective appraisal (or estimate) of the position on that 
Seer rbucte, The crientation cf che scale is crucial <o the 
decision maker Are higher numbers more or less désirabie? 
In «he aizr defense preblem higher numbers are nore desirable 
than lower numbers (that is, more is batter than les 
Bmeoughcut the range of the attribute). 

Bdwards' recommendations also include limiting the 
meéasuzteméent region <c a small and reasonable area. This 
limitaticn was done fer convenisnce more than anything else, 
Pie Keency and Raitta [Ref. 21] voin= su z that this range 

eas to be meaningful to the decision maker. They reccm- 


ménd along with bounding the region that the decision maker 
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set the utility for two of the alternatives and evaluac¢ the 
Setes alternatives in terms of the first two. For example, 
Wx" alternative is meze preferred than all the other altec- 
Natives, so "X" is given 2 ten. "YY" alternative is the 
least preterrad alternative and is given zero. The 
remaining alternatives ara then asséssed (or measured) rela- 
tive to these two. The advantage of this option (referred 
+o later as the two fixed end option) is that the user needs 


to spend little time deciding on what utility (or méasure- 


memey tO gGlLve to zach alternative for each attribute. For a 
weet astra bute, the decisicn make= informally tanks «he 
alternatives from best to worst. The best is measured tena, 
the werst 1s me ope 


° 
asured zero, and the middle altarnative 
alternatives are measured relative to <he two established 
Smomecc2its. This option gives the user swift and prompt 
measurements. 

me Gasadvantage wien this Option is the rigidity of the 
measurement procedure. Tha decision mak2r gains speed, but 
forfeits the flexibility of developing measurements commen- 
Surate with al«ernative's relative werth. That is, he loses 
Gea brtlitzy to consider the explicit tradeofrs between 


alternatives. Various options sexist which allow the déci- 


Peo Maker tO trad] speed for time. One such option is to 
fix one end point of the measurement ragion, the upper end 


meee (2-7 Chapter IV this is called *he single fixed 
Opticn). The best altenativa is measured ten, and the 
sMaining alternatives aré méasured relative to the best. 
Mee LoOwsr Snd point, zero utility, is assigned to an imag- 
meery Or theoretical alternative cha Onrrilbuces 
Meeect cally) nothing to this attributes; it nay be tha= all 
the actual alternatives have scores greater than zero. The 
advantage here is flexibility in developing measurements 
commensurate to the alternativse's relative worth. The deci- 


Sion maker gains the oppertunity to consider the tradeoffs 
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between alternatives in making his neasurements decisions. 
This cpticn is slower to use than the two fixed end point 
eee on, Duc the disadvantage of the rigidity of the measure- 


Ment procedure is alse less. 

Another opticn is to assign neither end Bethe te any OL 
the actual alternatives. The decision maker mus= now 
imagine a (practically) worthiéss alternative and assign it 
a score cf zero, as above, and he must also imagine a (pd 
muieally) perfect alternative and assign it £ 
Then all actual alternatives will pe measur 
these twe imaginéery alternatives and scored accordingly. 
Meer Ott icn requires the decision maker to spend more ‘time 
Mevetcping his measurements in thinking about what cornsti- 
tutes a tén or z2ro0 alternativ: This méans (1) the time 
required *o develop the measurements for the alternatives 
und2r consideration increases, but (2) the ability zo 


conside= exrilici*t tradeoffs among alternatives also 


As an — assume fcr a given attribute that «he 
Maree alternatives tc be measured are ranxed best to wers= 
mee MY". and "Z". «Mx alternative is the best, and 


suppose "¥'" ss rated 80% as good as "XK", and "Z" is tated 

Seeeas gocd as "x". Using the two fixed end procedurs, x" 
would measure ten, "Z" would measure zero, and "Y" weuld be 
Meeeeured relative to "X" and "Z", say six. The value given 
femme, 2ZerG, indicates that "Z" contributes nething to the 
tribute being considered. This may not be a good m2asure- 


ment because "Z" was assumed to be 50% as good as "X", and 


oi 
m 


may actually contribute some positive utiiity toward ¢t 


Meeeetou:s, Ll this attribute was he only attribute 


al 
(2 
e 


considered ky the decision maker for this particular 
Beeeolem, then che preceduzS provides the decision maker wit! 
more information then he reguires to make a decision. The 


Beeiston Staker 1S Locking for the best alternative; "x* 
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Meee aesve iS the best alternative for this one-attributs 
feemecon, and =he utilities given co "¥" and "Z" contrikbuts 
Poremeng tO the decision process. The assumption that "Y¥" is 
80% as geod as "X" and "Z" is 50% as good as "X" means 
nothing to the décision maker. But in situations where 
there are mcre attributes then one, the evaluation tnat "Zz" 
as 50% as geod as "X" may have effects (or tradeoffs) on tas 
final cutcome that the decision maker may not rececgnize as 3 
Peet or Using this cption. The importance of this impli- 
Cation will appear in Step 9 when attribute scores are 
Summed. 

Memconcinue the example, in the above "X" alternative 
was measured ten, "Z" was measured zero and "Y" was measured 
E2ze Eelative to "xX" and "Z". Assume tais was for attribute 
"AN. = Now assume for a second attibucs, "8", considered 
Sameriy aS important as the first 2ttrcibute, she ranking of 
m@memalcernatives from best to worst is "Zt, "yy", and "Xt, 
Pea tt=ernative is the best, "Y¥" alzternative is 60% as gocd 
em, and "X" is 20% as good as "Z". Using linear scoring 
ever the tange: worst alternative equal to zere to best 
alternative equal to ten, the following totals would be 


generated; 


wn wy LAL 

Mecribute "A 10 6 0 
meee es Duce. "Bt 0 5 10 
Ora 1 10 at 10 


if the decision makér was to select the best alternative cn 
HiscetnSSe€ “WO attributes, using tha two fixed end procedure 
maeeould select "Y". 

However, considering «he same example using the single 
mee-G end Cption fOr seccting. Now the best alternative 
aquals ten (as above) but the other two alternatives are 


Given sccres (values) lin2arly proportional to where «caey 
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lie between "best" and practical worthlessness. Assum 
decision maker decides that saying "alternative Q is P% as 
good as best" is equivalent to saying “alternative Q has P% 
Meme Utiisaty of best (1.¢., of t3an)". Then the scores 
mould be; 


mye wy AL 
feeepakbucs "A" 10 8 5 
mecca bute "Bp" 2 6 10 
mecal 2 14 ibs 


These new tctals indicate that alternative "Z" is best, and 
meee tdtive "y'" is second. 

feomecan be Seen that the choice 9f which scoring proce- 
dur2 to use will have implications on *the tradeoffs defined 
between attributes; tradeoffs the decision maker may not be 


Pee or., Thus the decision maker by using «he two fixed 


; 


point option has gained speed in making his measuremen 


@ecisions, but the rigidity of the measurement procedur 


- 


ma y 
provide «he decision maker with unexpected results. The 
measurement cpotion selected by the decision maker will 
Seema Upon the amount c= tisk (risk in terms of obtaining 
Meee fined tradeotis) the decisicn maksr is willing tc accept 
versus the speed desired *o make those measurement 
G@ecisions. 

For the air défense model, the option using oné 
axed end peint will te used. This option provides scme 
spezd in developing measurements, and some flexibility to 
consider the tradeoffs between alter 

PeroOeo  ecaicilate ucilities 
memory add up tha preducts of the Step 8 scores 
("MeasuTemerts"™) multiplied by tneir respective Step 7 
Weights, fer gach alternative. This one number now repre- 


ents «he ultil:ty of each alternative. 
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Step 10. Review the decision for accuracy. 
Boeo i. Decide. A singl2> alternative is so be chesen, 
therefcere the rule is simpie: choose the alternative whose 


Sum obtained in Steno 9 is the largest. 
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IV. AIR DEFENSE HODEL 

This chapter has three sections. The first deve2lors a 
[ese OL attributes. The reference list of attributes can be 
used by the air defense battery commander as a guide (or 
reference or aid +o mémory) in developing his list of attri- 
butes (the cnes he desires to us2 in conjunction with «he 
air defense model). Definitions of the attributes are 
EGeovided not to imply that these are the only meanings, bux 
rather *o create an awareness in the user of the need fcr 
establishing a common definition petwesn himself and the 
megevedials he will ce briefing. 

The second secticn presents the working format of the 
air defers2 model. With s this d=scussion, SMART will be 
modified by eliminating some steps. This will be dore2 +o 
reduce =edundancy and to make the nod2il more accommodating 
femene combat situaticn. 

The final section presents an example scenario fcllowed 


Poo pOcsibie soluticn to the situation. 


A. AIR CEFENSE ATTRIEUTES 


Mpemcetieoricn Of attributes presented in this section 
was developed by conducting a literature search of current 
army aizxc defense documents. The list isn Need £0 be 


= 
O 
Beoepwe-l1V2, 20L is it presented to the reader 
meeluscive jist. The purpese of the list is 

Ss 


feo6 O+ the nodeiil and assist the air defen 


develcping his own list based on ais 


jud 
Peeeetience, and military intuition. Som 
ie es here nave been defined in prev 

A 


Semen. ONS Will be repeated here for <=! 


G7] 





reader. Some of the definitions will be expanded tc previde 
the reader a fuller and more compr2héensSive meaning. 
1. Mass. Mass, 4&n aizc defense principle, is the a 
cation cf a sufficient number of air defense weapcns to the 
defense of each priority assez to adequately protect it 
geese the aiz threat. This principle appliss to all air 
defense wearons. It entails the provision of mutual suppcri 


or overlapping fire ketween weapon systems and all-around 


i 


defense in depth. Mass eks to establish a favorable ratio 
Smee resSive weapons to attack aircraft in the protecticn of 
Mees] chat ate critical to che supported force. The intent 
of mass is to be able +o maintain 2a continuous velume of 
mem—eoOn any attacking aircraft. The general rule is to 
deploy shcrt-range air defense weapons in platoon-sized 
Wieees altOund th2 protected ass2t. The deploymen+ of short- 
Tange weapens in less than platoon strength risks the 
Sequential or simultaneous neutralization of both the air 
defense weapons end the defended asset by aircraft attacking 
in numbsr [Ref. 22}. 
Okvicusly, mcre air défense is always better, and much 
more is zven better still; but to stake more nust cost some- 


thing. The air derense commander is the individual whose 


wD 


n 
judgment mentaliy measures the marginal cost of addit:ioral 


(I 


weapons against marginal benefit Mienels SoOL, che Uncer- 


tain environment (comkat) he is ert¢ering are very teal. He 


rh 


s% 
would prefer to hedge his bet with massive quantites o 


1) 


Sameoment put the ccnstraints of reality force «he 
commander tc make trade off decisions between what is reccn- 
mended ty the general rule (the classroom theory) and what 
2s permissibie by th2 real world. Giving up a little mass 
could mean a defense design that is less than perfect 


fyecerding to the definition of mass), but reality requires 


the missicn to be accomplished. How much of she mags prin- 
Peeenw Oo include oF net <o aincludée will be a decision that 


is a functicn of the commander's judgment and exverience. 
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2e Mix. Mix is the amployment of a complementary 
family of weapons. The capabilities of one system offset 


che limitations of ancther system to prevent the aix threa 


ct 


from defeating any particular weapon system [ Ref. 23]. The 
mixing of complementary weapon systems gces hand-in-hand 
with the principle of mass. By employing a variety of 
weapcen systems in sufficient mass, air defense complicates 
the problem of the enemy whe must consider the characteris- 
mes Of €ach weapon) system in tne Ecrmulation and execution 
of his offensive strategy. The enemy may be able to design 
Pememectaccics ard techniques to minimize the effects of one 
defensive system, but whan faced with two or more air 
d=fense wearons, his price of admission into the defended 
area rises [Ref. 22]. 
SemeeeOOciicy and manscuverabilicy. Mobilility of the 
Many £cotc= 15 the capability to move from place to place 
Pee-2aining =he abidzty <o fulfill its military mission. 

Maneuverability of a weapon system is an indicaticn of its 
ome -¥ =O Change its position in a tactical situation in 

aer +o secure an advantageous offensive cor defensive fosi- 

O Maneuver is tha tactical employment orf mobility. Aiz 
defense weapons mus= ke mobile on the battlefield tc aprly 

@ principle of mass and mix. Continual movement of ait 
defense wearens is required tc previde prcetection for the 
brigade sl¢ements, *o accommodat¢e changes in missions, and to 
enhance the survivability of the air defense weapons in both 
Beomesound and air battle. Mobility will be affected by 
envirenmental factors (é€.g. terrain and weather), and 
Vehicle characteristics (e.g. tracztiv: force, range, speed, 
B=taability). 

4. Integration. Intsgration neans that the ais defense 

design must fit into the overall plan of the brigade “«o bs 
effective. The best way to define integration is by an 


example: czhe defensive squad of a football =¢am. Consider 
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jus= the defensive backs and tackles; ignore the rest cr the 
squad. In this simple example the defensive backs protect 
the air and thus prevent the opposing team from moving the 
bali. The tackles protect the ground avenue cf apprcaches 
and thereky prevent the opposing team from moving the ball. 
Togethe= as a squad they prévent the opposing team from 
moving <~h¢e ball or sccring. The defensive squad's overall 
Massicn is tec stop the onposing offensive; they accomplish 
tHLis Overall mission by insuring that each individual player 
has che ccrrect understanding of his 2xpected responsibili- 
ties that he 1s *o accomplish frem the overall plan. 
Mie=eGreced action is best accomplished by insuring that 
Subordinate forces have she correct understanding of «their 
assigned missions that they are exvected to accomplish in 
Suppert cr the overall mission (¢.g. air defense units 
Pee c. the alr over airfield X, end the infantry prcotec=s 
*he ground around airfield X, not airfield Y. Togezher «the 
Bese pretects airfield xX). In summary, integration is 
individual elements working in unison towards 2 common goal. 

5. Ealanced Defense. Balanced defense is @ defense 
G@eeegned tc cove with attacks from any direction with 
aoprcximately th same volume of firs. 

6. Weighted Defense. Weighted defense is a dafense 
designed to placé a greater amount of the air defense 
weapons along expected routes or forc2d air avenue of 
appreaches leading into the protected asset area (€.g. an 
airfield located in a deep valley which reduc]as the prok- 
meee ty cL atcack from some directions). Of course, 
Weighting the defense unavoidably results in some deqrada- 
tion in defense balance, another trade off decision. 

Factors that could influence the air defanse commander's 
decision include terrain, vegetacion, and characteristics of 
the derended assst (tctal arsa of asset, general share of 


esséet). 
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el iaicim SUD DOr, Lhe principle of mutual suppor is. 
the positioning of ¢ach weapon system so that its déad Zone 
(the area in which the weapon cannot engage a target) is 
mean <he €ngagement capability cf az least one adjac2nt, 
like weapon system. To be mutually supporting, Vulcans! 
positions shcuild be separated by no more than 1000 meters, 
Which is two-thirds maximum effective range of the wearen. 
Miewel support tor Redeye is 2400 meters, which is 80% cf 
meme ands a. Which a *argst can b= positively identified by 
an observer with the naked é¢ye¢. 

eee OVerlapping Fires. Overlapping fires is 
of one weapon's engagement capability to overlap ¢ 
mean* capability cf an adjacent iik=e weapon. 

emer boreat. Air threat is that combination of 
airplanes, helicopters, weapens, and «actics the enemy is 


capable cf employing against the triendly area. For this 


attribuz<e a commander may want to sonsider quantity of air 
asSets available to the enemy; location of enemy's air base2s 
semecsying time to friendly location; and «he training level 


Beene enemy's pilot 


moe Certain. Terrain is defined as ti 
n 


BeaeUres of the earth. The following it 

Seeag) Within this definition: ralief (the elevations of «he 
land surface, such as mountains, and vall2ys), drainage 
(rivers, streams, lakes, swamps, marshes), surface materials 
(soil, mud, rocks), man-made objects (roads, bridges, dams, 


@2tics), and vegetation. For <=his attribute a commander may 


fees ® Cenocid=c how terrain may efrect she firing pesitcions 
Vv 


©£ =he weapons (fields of firs, observation): the effects of 
terrain on the enemy's avenues of approach (open aréa, moun- 
tains, dense forests); the effscts of terrain on resupply 

d 


operations, command and control, and security. 
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11. Weather. Weather is defined as a condition cf the 
atmospheres with respect to heat or cold, wetness cz dryness, 
efea=ness cr cloudiness. In this situation a commander will 
be concerned about tke effects of weather on visability. If 
a target cannot be seen, it cannot engaged (by SHORAD 
weapons). 

Weeeneliabidity. Reliability is defined as the weapon 
System's chance of successful operation for a given applica- 
tion (engagement or engagements) for the stated time pericd. 
Pees Sltvation the stated time period is the duration of 
the mission. Other factors that could be considered here 


are; time required fcr system reload, time nae red to 


hh 
or 
atin 
iD 


emacs Scheduled maintenance, state of training o 
sguads, and aveilability of repair parc<s. 

Wee LOgis<2cs. Logistics ate those capabilities having 
feeteoew2 =) ELOCUZTING, Maintaining, and transporting material 
and personnel. 

ieee bLDefense in depth: Deftens= in depth is ths posi- 
tioning of one air defens2 weapon in fronz of another. For 
example, Redeye are deployed out irom zhe asset 2 to 3 kn. 


m 
Mimpeeewel] usually place Redeye in front of the Vulcans' 
9 


positions which are Iccated very close to the asset. The 
Bue eose Cf cefense in depth is to subject an air threat +o 
Sa evVer-increasSing vclume orf fire from the moment it is 
@eeee =a and identified as hostile until it is destroyed. 
lbecuenacteraccics Of che asset. Characteristics of 
the asset are such things as size, shape, hardiness (how 
B@meesztled the 2sset is), and natur2> of specific targets 


MEN ote eSSet. These Chataecteristics will aftifect the 


defense design and the enemy's method and direction of 
PmeacKk., FOr Ssxample, a smail asset, such as a bridge or 


ammuniticn storage area, will generally requires the énemy +o 


use more accurat 


() 


delivery technigues. A larger asset, such 


Bs an airfield o 


SOE CTOnmOred eG. cy, tCeNdS =O increase the 
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mamoer Of @nemy attack options. The nature of specific 
targets within the asset can be described es homogencus or 
Metercgencus. An ¢xample of a homogenous asset is =the divi- 
Prem cectical operation center (TOD). The TOC is made up of 
Many small, but equally valued elements. An example of a 
heteregsnous 28Sséet is an airfieid. The specific taraets 
meme the airstrip, «he ccntrol tower, buildings, and 
Maintenance area. Each of thes® elements probably weuld 


have different degrees of Lmportance 9 an unit. 


B. THE AIR DEFENSE MCDEL 


This section will presen the structure of the Air 
Defense Medel. The steps of SMART have been modified fer 
use for this context Additional explanation is provided 
for scme cf the steps where major changes have occurred. 

Mmecegu=> 4.71 15 an examples of the format «hat will be 
compieted by the commander working czhrough th2 stepns of the 
model. 

Hie baeSt twO steps of SMART have been eliminated. The 
aic defense commander is part of the brigade commander's 
special staff, the brigad? ccmmand2r will always be the 

of the 


Peeeclten °S selecting equipment for deployment within the 


peo Whose utility is belng oD cimized. Th purposes 


Semecxt ci the combat sc2ractio. 
we-0 Vee iaentaiy che seslevant attributes. At this 
Je 


ene aac defens 


TP) 
Q 
O 
=| 
= 
ay} 
iD 
ey Ger 


h= combat scenario, 
the brigade commander's grou an, and «he 
BeegadS ccnmander*s priority list to> air defense. From <he 
combat scenario and ground tactical plan he knows where hs 
B=eoOi09, and who. he is fighting; now he needs to conduct a 
Map reconnaissance to obtain a feel for the terrain at that 
location. With this information the air defense commander 


Selects the attributes (no more than sight) that he feels 


ape 





BS 
FIRST S£ConDd THIRD 
NIERNATIVE ALTERNATE ALTERNATIVE 


a] l#2 #3 [#4 i) (a) x (a) (6 
RANK | NAME oF attRieure |<. 
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Figure 4.1 Air Defense Model. 
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See weamportanc -O the evaluation of any altSrnative for this 
scenario. The attributes are ilist2d in the second column of 
mace 4.1. 

step 2. Rank the atzzibux3s 22 gErier of importance 
The air defense commander r 
importance from most import 
importan*= attribute to this 
Meme 2M@pcrtant attribute is labe 
Be@eess Continues until all attributes 
Meeeactitss are tied for a particular level of importance, 
they are both labeled with the same number. For example, if 
mass and mix are tied for number four, each is labeled 
Mumber recur, and the next attribute would be labeled number 
ove, the next aztrikute number six, and z=he least important 
attribuz¢ number seven (assuming eight atzributes and only 
meme se). The rank coder for the attributes ere recorded in 


) 
emetic st column. 
D 


UJ 
e 
(-O 


ad 


the attribures in importance, preserving 


S Rate the attributes in imporzance 
Bees. 10 d> this, staztt ky assigning the least-impertant 
Peeeeerl=2 4 weight of ten. New consider the next-lsast- 
Piper cant attribute. How much more important (if a 
memes mcde! allows fOr ties) is it than the Lleast-impc 
Mieemomechis attribute a weight that rteaftlects that ratio. 
Memmersu= up the list, checking each set of implied zati 
each new judgment is made. Thus, if one attribute is 
assigned a weight of ten while another is assigned 2 weignt 
Meee, it Means that the 380 ac=ribute is eight times as 
[meortant aS the ten atcribute, and so on. Sy she tin 
last attribute is reached, there will be many checks <c 
what the 


Pemeorl =O insure that the implied ratios reflect 
C 


m 
Kattery ccmmande= intendéed. Typically, battery commanders 
ant to reviss early judgmen<s to make them consistent 


Ween lacier cnes. Encore aommecesiies in “he thicd column. 
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discussed for SMART. For the ait dafanse model the quc*ieént 
[meeenot be multiplied by 100. The values for w will ba 
between 0 and 1, and the sum of the w (a = Stearns 5 ce wee 1 
where nis the number of attributes) will equal 1. Using 
this me*hod causés the user +o work with smaller numbers and 
decimals. If the user does net feel comftcrtable with déci- 
mals, then he should use the method explained in Step 7 of 
Peat. Tre choice is arbit 
a 


is 
Taenese izernazives 20 be evaluated. As 


mp5. Ldentifty che 
Seared in Chapter EII, z=here will be no more than three 
alternatives considered. These alternatives could be all 
Bacans, all Redeyes, and/or mixtures of the two. The ques- 
tion for ¢ach scenario is hew many Vulcans versus how tan 
Red2yes versus what mixture or mixtures? Th? answer rests 
with the number of cargo airplanes the air dafense ccmmander 
anticipates receiving. A tentative number usually can te 
Seeaeaned trcm the brigads operations officer, but generally 
@an air defense ccna ould have a feel for how many 
aircraf: he can expect based on past exercises. For plan- 
ning fureces¢s an a fensé commander can use the follcwing 
humbéers tec assist hin ina Pagina an @eStimat= for the 
number of weapon systems. A Vulcan sguad rigged for @ heavy 
drop cperation (dimensions: WWissneches -long by 98 2rche 
Hea] by 90 znches high, weighting 6740 pounds) will need .25 
cf a C-141B cargo airplane (4 Vulcan squads can be loadsd on 
Sees is) Ge .99 Of a C~130 cargo airplane (2 Vulcan squads 
can be icad¢ed on a C-130). A Redeye team rigged for a heavy 
mmem cpetaticn (dimensions: Wesmenenes eby 9B anches by 77 
inches, weighting 5690 pounds) will require the same cargo 
space as é Vulcan. If an aiz defense commander expects 
mmece C- 1418 @iz=cratt then h= would hav2 space for 12 
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units, where each unit is either a Vulcan squad or Redeys 
tsam. 

Hew doss the commander arrive at a ratio of the two 
Weapons £Or a Mixturs-ci-weapons alternative? The commander 
uses his judgment= based on a preanalysis of the asset heing 
defended (size of asset, terrain around the asset, avenues 
of apprcoach to the asset, enemy air threaz) to develop a 
rTeatio. Fer example: if the defended asset is small (¢.g., 
an ammunition storage area) this will be a harder targe* for 
fmewmenemy tc Locate. In fact, it :s probable that the enemy 
meemmay have =O fly over the target to leocat2 it. In this 
Sittlaticn, the air defense commander nay want to positicn 
Meemait defense close to target. Vulcans are placed cn or 


néar the defended asset, thus an air defense commander would 


D 


want to take more Vulcans when dafending small targets. The 


ratio used in the analysis would be a subjective decisicn: 


ib 


PmmeeGis Ch affected by preference, skill, and past assign- 
mences. An air defense commander whose past assignmen«s have 
been mostly Vulcan related wili probably always lean towards 
a Vuican~heavy ratio. On the other hand, an aizx cefense 
commander whos¢ past experienc? was with Aedeyes wili ieel 


Vil peobably lesan tcwards a 


t4- 


more confident with Redeye ana w 
Redeye-heavy ratio. 


Step 6. Measure the location or 2ach alternative bein 


m2=asurement, and forces tzhe air derense commander <= 
Meavioiy On his experience, judgment, and intuition. To 
Seale, aSSume a Straight Line scale for aach attributs 
measured from 0 to 10, where 0 is defined as the minimum 
value for that attribute, and 10 is dafined as the maximua 
value. This step is conducted in the same manner as Step 8 
©L SMART. The air derense commander informally ranks the 


Meeermat ives Erom best to worst. Mewes ce Scus: On ths 


a 


Single fixed option for devaloping measutemen«s will be 
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Meeqs. AS explained in Chapter III, che upper end point will 
be assigned to the best alternative; tne lower and poin-, 
Meeomlcli2ty, 2S assigned 0 an imaginary or theorstical 
Peeeeenative that contributes (practicaily) nothing <c «he 
Geeeercuce. The remaining «wo alternatives are measured 
relative te the best alternative and the imaginary zero 
point. kecord these valu2s assigned in column 5a. 

The values thus far cbtained ar= raw measurements of the 
Mmee@e=203 Of each alternative for éacn atcribute. Each 
measurement will be weighted by multiplying zhe raw measuze- 
Ment by tke normalized weights sbtained in Sten 4. Réeccrd 
the weightéd value for each alternativ O 

peeo ?’. Calculate che utili=y for each a 
Seuply add up column 5b for s¢sach aite 


e 
sent a subjective measure of 


= 
}? 
t— 
}- 
4 
(fp 
iF @} 
i4 
MY 


eee ¢ech al=~ernative. 

Step 8. Review che decision £2r accuracy. 

Meee J. OYecision. Select the alternative with tn¢ 
meanest tctcal score. 


tiOh presents a discussicn of some of the 


Gy 
rt 
oO @M 
Qq Aa 


esomeiac meghe be Anvelved in the application of 


ght 

Sees ait Gefens® model. The combat scenario and ground 
mele wrtamea b> pUEEOSe!y kept Simpl=. The detail 

S 


d in writing them can be fcund in any good handbcok 
Vv 


MeerALmy tere @fficers (¢.g. FM 121-5). 

In the example, steps of the air defense model thar 
involve iteration of the same thought orocess are presented 
Gmey Cnce (€.g., Step 4). For the sake of brevity, the 


Czher> iterations are assiaqned values without furthe 


Seoiana ticn. 
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Sotmccmsco tattoo who YUHisc) 1S in direct support cf a 
brigade-sized-slement which has received notifica 
deployment exercise. The deployment will pe to a 
Mecrbe-East Country having terrain, political, and militar 
Sieeaccters:Stscs Simildiar to Iran of Irag, called Oilland. 
The missicn of the DRF is to secure the aizhead for 
follew-cn elsments of a larger contingency force. The 
follow-on ¢lements will start arravirng at Oilland on D+3 
(three days after the DRF arrives). The airhead will 
Semstst Of =wo commerical airports Located north of the city 
Beues. The alrports are six miles apart, both cavable cf 
supporting C-141B traffic and about twenty miles inland from 
mme, Persian Gulf. The DRF is to establish control, and 
Maintain cecntrel of the aizrhead until relieved by higner 
Meedguarters. The airhead is very critical to the overall 
accomplishment or the mission. 

Brigade commander's priorities are: airfield A, 
feeenweld B, and the brigade <actical operetion center (TOC). 
The TCC will be located in the area of airfield A. 

Map zréccmnalissancs. Gen¢eral reconnaissance shows ths 
fmeae Ge be Liat (Small changes in zelief) with unrestricted 
Visibility in all dissections. The waterways are generally 
Meea-<cd in che scuthern sector of the country. The soil 
conditicn appears to be sandy in taxcure; man-made chjeccs 
meee 2Sstricved to the roads and Some two-story buildings 
Mecated cr the airfields. 

Secpeniplacit = ty selevant adt<ributes {column 2). The 

Eve-meommand]e: Simply Idenewitfics the attribuces cr 
Beem Ors that a>e¢ importan= to him in the design of his air 
Preetse (Cr the Dprigade commander's priority list. The 
answer is very much a function of the individual's ¢xperi- 
ences, pxrsference, and understanding of the overall mission. 
efense commander for this xa 


a2 air mple selected the 


d 
Rol Ow_nGd: 
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Characteristics cf the asse¢ 

Meer oreGatetaquaneczcy, tactics, ordnance, experiencs) 

terrain (visibility, avenues cf approach, road netwerks, 
ccver) 

balanced defense 

defense in depth 

mass 

mix 


megisS-ics 


Step 2. Rank the attributes. The task here is simple: 
meee n= attributes of Step 1 in order of importance to the 
Beeemderense design. What factor will affect the Gecisicn 
mor than the other seven? This is a judgmental step and 
the final results will probably vary from one air def¢ns2 
commander tc anozher. Th2 example air defense commander 
eemeeet= “character: stics of the asset" as most important. 
iaew ORF commander specified airfield A and aitfield Bas 
pricrity 1 and 2, but th2 air defense commander realizes 
tha. the airfield is an assez of many components and each 
component méy have a different value of importance to the 
Meese n CL =he DRF. Thus his thought process has to do wit 
fieenacure (the functional activities or components) aad 
dsSign (the size and shape) of the airfield. The most 
Seer cal part Of ‘-he airfield to the DRF is the airstrip, 
especially the central portion of «he runway. If the én 
is successful in cratering the center of the runway «ney 
have a high probability of rendering the strip useless + 
Mae DRF. Cratering the center will require the DRF 
commander te expend man-hours to make repairs; cratering ths 
center could alse disrupt the mnovement time table of the 
DRF. The design of fost airfields orovide natural avenues 
cf aprroach. The avenues may be pronounced enough tc 


Jusczify a weighted defense. Even if there are no Eorced 
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amemues Of approach due to the terrain, the désign cf the 
eerie id (LChig axis Cf airstrip) increases the probability 
Sumemnat likely directions the air attack will ccme from. An 
Beieeoacn down the major axis cf a long, straigh= target 
gives pilcts time to align on target, means fewer last 
Minute adjustments, and greater probability of hic. 

The size and shape of the airfield maxe i+ an easily 
Miemcitiable target from the air at night or in the day 


time. Other considerations ara the cther components of zhe 


meeeeorts, SUCh @s: Epcssible fuel storage (POL), buildings, 

feo idne Packing (a future contingency), control tower, and 

Meeerat. Nainzrenanc]e area (also a future concingency). Te 
R h 


Seau=accmepe ts <2 NOSt important, out the buitild- 
ings would frovide shelter to personnel, 2@quipment, and 
Semories. POL supplies, if captured intact, would provide 


for an unexpected windfall in «er 1. Supplies ars 


Eeweyecoitical for the firs 
windfall would help. Airovolan 
MempoeecusUtS consideration. Location 
eration. An air defense commandar mi 
@ieeeiew <mpOrtant the alrports are 20 the enemy. Thi 

mee G=sMa <=iCN Will give some indication 

Might expect to be used against hin. 

Witan the abcve information the air defense commander 
would want =o consider his air defense weapons! cépabil:-~ 
ees. The volume of fire that a Vulcan can put into she air 
mee heave seme affect on pilot's concentration. Placing 
mieGans neat the central portion of the strip will have 
Significant impact on enemy air. Vulcans can é4dd much fic 
pow=r +o night perimeter defense, and if necessary daytime 
ground défense. Redéyes would be placid away from “he 
airfield +9 get sarly engagement. Redeyes can be used to 
provide a weighted defens>, or can be ampioyed to previds 


defense in depth. Redeye teams ata smaller, sasie= to hide, 
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Meme Navel Sanly ~efteces on the pilot's ability <tc 
concentrate. Early Redeye engagemenz=s could possibly 
Meese up. fcrmations, destroy or ee aizcplanes som? of 


which might be flown by key individuals, and force =he 


AD) 
be 
tp 
3 
WG 


into early evasive fcrmactions. 

The aix defense ccmmandezr would also want to consider 
Siem inoe=ctelationshirs of his other selected attributes «=c 
Meme ater bute. AS waS mentioned aarlisr, the importance of 
the airports to the enemy will have some effect on the 


weapcers selected to be used by the enemy air threat. 
h 


Without further discussion assume che air defen 
commander ranks the attributes as follows: 

Rank Aztrikute 

1 EhamacteCrlSclecs Of the GSSEz 

2 air threat 

3 Dalanced defense 

4 defens® in depth 

5 Terrain 

6 mass 

6 eee 

u Loges<acs 

Beep oe Ret = the att=ibutscs an importance. The ratizrgs 


b 
eeewaetiso® Subjective, and will be dirteztent from individual 
om 


D 
mowsrnrad:vidual. The aiz defense c der in this ¢xamfle 
Manned lcqistics as least important. He rated it with a 
score of 10. Mix and mass we OEM Ne. S2kte DOS. 2 10n, 


8 
and thsy were evaluated 4s twice as important as logisitics. 


Mie Nex. actrl bute, terrain, was deatermined by «he battery 
commands be twice as important as mix and mass, and it 


St one 
was rated 40. This rating also implies that terrain was 
aS important as legistics. If the air defense 
a 


command2r had not agreed with this implied ratio, h=2 could 
Past le ce oat nde tor tsce@ain until the implied ration did 
agree. Of course, the change in the terrain rating would 
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aiso change the establish two-to-cné ratio for mix and mass. 

An air defense commander needs to recognize a change in one 

Se-ing May require him to ce-evaluate all ratios invoived. 
The remaining ratings are developed in a similar 


Bescnicn. 


Atz=rikuts Raw Normalized 
iheq.sstics 10 205 
me X 20 70D 
mass a0 20S 
menlain 40 atl 
defense in depth 45 ele 
balanced defense 60 - 16 
air threat 80 rae. 
characteristics 100 Ase | 


of the assée 
Rota l S1IES) 1.00 


sep 4. Sum weights and divide each attribute's raw 
weight by the sum t0 get the normalized weight, as shown 
above. 

Step 5. Identify the alternatives to be svaluated. The 
commander has received guidanc2 from che operations officer 
that he can expect three C-141B. This means 12 Vulcans, cr 
12 Redeyes, or a mixture of the <wo. The commander decides 
on four Vulcans and eight Radeyss as a mix for alternative 
36 

Stec 6. Méasure the Location of each alternative on 
Seiemeac caumts. The first attribute will be explained in 
Pee decatl, The rest of the attributes will be given 
measures without explanation, as the thought processes are 
ere ida. €NG ELeSt attribute =o b= considered is the char- 


Meme rascicS Ch the asset. Mie teomdor Joa c1on Of 


oF 


charactéristics cf the asset, it was mentioned «hat the 
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Meorre Of the specifac targets within the assst could clas- 
sified as homogenous or hétercgenous. The airfield is an 


example of a haterogenous asset. The components of the 


& 


mmmeecid Heve difftersnt degrees of importance to ths DRF, 


and require different ccnsiderations in developing an ai 


"7 


2 


She aix=s=rip is long and narrow, a target that is easy to 


defense design. For examnpl¢, 2s was mentioned in 


WN 
it 
iD 
'D 


a 


recognize from a distancs, and is probably the most impor- 
Sem@enseol=Men= of “he airport to the DRE. As a result of the 


eeezeme, the airstrip (long anc narrow) the enemy can use 


ry) 


Variety cf attack options. He can use standoff weapons from 


mgee=ctance, or h= can fly over the target and drop ais 


weapons. The effectiveness of «these options can be reduced 
dependina on the air defense weapons deployed. The effec- 
tiveness of *he standcff ovticn can be reduced with the 
deployment of Redeys, and the effectiveness of che fiyover 
Samec]e =ecduced with the deployment of Vulcan. For «his 


Bereta bute, <he ccmmander decid2s the mix alternative can 
accommodate she demands of this attributes the best, and czhus 


SemesicCLed ten. Vulcan weapcn can provide pinpoint covera 


2 
meen] Cenctzal porticn of the strip and still provide some 
Pemerage Cr the other items (FOL, conzrol tower, ¢tc). The 
Vulcan rtange is limited and «~herefors the protected asset is 
vulnerabpl2 *c standoff attacks. Redey2 weapons will be 
employed away from the asset to provide area coverage. They 
causé zhe pilots to fly lower to avoid Redeye engagements 
Redeye early engagements will give Vulcan gunners early 
Sewer G, Wi) a=trite some of tne acetil2 threat, and will 
generally disrupt the enamy's atzack. 

MAll Vuicans" are rated second best, and the air defenses 
commander méasures this alternative as 7. The Vulcans can 
femalc =nhe ECine air defense withcut= much problem; «cheir 
weaknesses are range, linited ammunition load, and lack of 


Peom Pao -eCct2en.) Lhe ¢nemy aiz can avoid the Vulcan fire 





mye handing attack tactics from flyover attacks «=o standoff 
attacks. This means the énemy might lose somé accuracy in 
delivering his ordnance, but save airplanes. 

NAL] Redeyes" is measured a= 5. Redeye can handle thea 
area coverages without much difficulty; their weaknesses ar2 
mmemecaii—-chase nature of the weapon, and vulnerability of 
the team to Enemy grcund firs 

The remaining attributes are measured as indicated in 


meeguire 4. 2, 


ceesee. Calculate utility fo> each alternative. This 
memeyust Simple additicn. Add up all the numbers in ccluamn 


@ 
Someo- that alternative and record tha sum in the total 
Meek, ThreS sum will be =the MOE for that alternativ 
Step 8. Review. Dees cutcome make sens 
SeoemeemeDecis-On. Selecz the alternative whcese MOE is 


the largest. 
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BS 
| FIRST SECOND THIRD 
| NIERNATIVE ALTERNATWE ALTERNATIVE 
| Bia fa md a 
\*] 2 
RANK NAME of ATTRIGUTE 1S ale 
| CHARACTERISTICS 

oF THE 00\.2 1.35 
lind /00 | .27 10 \270 
{ 
| 
| 
| 
| 
| 
} 


BALANCED 
DEFENSE el ale | }40| 6 


io 
els eles 
TERRAIN | 4 88|/0 {110 
eos el enw 
fon [oleae Ll 
SS OCOSeSAe 


TOTAL : 649 | AO0/ | 927 
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Figure 4.2 Completed Air Defense Format. 
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V. CONCLUSIO 


AND RECOMMENDATION 


wm 


wa CONCLUSIONS 


This thesis has developed a pianning aid to be used by 


the airkcrne air defense commander in the develepmen* of his 
aiz defense force structure reccmmandation to the brigade 


commander. There were four characteristics that this 
desired mod2l had to have. These were: (1) The model had 
tO previde ameans of organizing <he commander's thoughts. 
(2) The model had to include the lLateraction of the comman- 
der*s judgment as part of the overall process. (3) The 
model had «=c be adaptive so that all scenarios could te used 
With it. (4) The model had *0 bs Simple and easy te 
understand. 

In Chapter III the arguments for having a@ modél versus 
intuition were presented. Ths SMART version of MAUM was 
reviewed, and round +c be compatibls with the four desired 
S@eaeactsris-ics. In Chapter IV, the SMART version of MAUM 
was mcedified to fit the general combat scenario used by the 
aixc defense commander. The air defense model format is 
flexitl2, adaptable, easy so learn and understand, provides 
Medan=zacicr, and Tequires arn 2xtensive use of the ccmmar- 
der's judgment. The model also insures, by werking through 
the steps, that a commander will conduct some form of 
analytic analysis, and thus gain &@ better understanding of 


the int2rrélationshirfs of the at«ripnpucas choosen. 


Be. RECOMMENDATION 


It is recommended that the aizr defense model be used by 
air defense commanders as a planning aid in developing their 
reccmmendations for forces structures. The model would te 
especially usefui for those air defense commanders that are 


Somm@anaina aqWUnia= cOCr the firs: tims. It will provide the 
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eee 9utdance and organization hecessary to handle their 
first derloyment mission. 
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